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FORLWORD

Presently, the Degradation Effects Program (bIT and others are
using regression equations relating the striking velocity for cylinders
as a function of their penetration into wallboard. -lhi' effort gre w out
of the question of whether actual boib frag;nnts would have a similar
regression equation. This final phase of the study, which is concerned
with testing OU-grain and 240 -grain bomnb fragments, was conducted during
thC period 1 January - I .arch 1970. 11C he.sults from firi lg 1S-grain bomb
fragment 3 irito wallboard are available in AIAfl.-A ". M'

The DLRD range cmew composed of Jack Byrne, ISgt Charles Sauls,
Clyde Wallace, Sgt Ron Stearns, Sgt Terrell Costello, Sgt Dennis Iloutari,
Sgt tars Farabaugh, and Sgt William Carson provided the necessary technical
support and instrulnention.

.'format ion in this report is embargoed under the Department of
State International Traffic In Arms Regulations. This report ,ly be
relesed te foreign governments by departmerts or agerlci-s of the U. S.
Government subject to apj roval of the Air Force Armament Laboratory
(ATRD), E'glin AFt, Florida 32542, or higher authority within the
Department of che Air Force. Private individuals or firms require a
Department of State export license.

This technical report has been reviewed and is approved.

CHIARIlFS K. APPKI, 1. 'l ~~
Chief, Technology Division
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ABSTRACT

The primary objective of this program was to define a function between
the striking velocity for 60-grain and 240-grain random shaped botirb
fragments and their depth int the wallboard trade namicd Nu-Wood. The
60-grain fragments were fired from a 20mm Main barrel and the 240-grain
fragments f-m a 30mm Mann barrel into bundled Nu-Wood. Ihe 6 0 -Prain
fragments w.re lightly filed to fit into a 3.77 -< 4.01 gram weight range
and the 240-grain fragments into a K.08 '<- 16.02 gram weight range.
The striking velocities for Ihe 60-grain fragments were in the 600 ft/sec
to 5000 ft/sec range and the 240-grain fragments in the 300 ft/sec to
3500 ft/sec range. The graph of fragment striking velocity as a function
of depth into Nu-Woo_ showed a wide range of depths for approximately
2000 ft/qec and above striking velocities, A lower dispersion in pene-
tration depths exists for velocities up to 2000 ft/sec. A least squares
curvo would net be valuable ince the peTnetration spread is too ' de at
given velocities. Fragment penetration into Nu-Wood from firing cylinders
does not give a realistic picture of 60-grain and 240-grain actual tomb
fragmentation spread. The depth of penetration is not a primary function
of the initial presented areas of impacting 240-grain fragments for 500
ft/sec to 3000 f't/sec velocities. When a factor of two or more exists
between impacting presented areas for 60-grain bomb fragments, then the
presented area seems to influence penetration.

This document is subject to special export con--rols
and each transmittal to foreign governments or foreign
nationals may be made onl) with prior approval of the
Aii Yorce Armament Laboratory (ATe: D), Eglin AFB,
Florida 32542.
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SECTION I

INTRODUCTION

Actual 60-grain and 2410-grain bomb fragment firings into Nu-Wood
were conducted at Range 22, Eglin AFB, during the months of Janluary through
March 1970.

The primary objective was to define a function between striking

velocity and depth into Nu-hood. Secondary objectives were:

a. To find if the ipenietration into Nu-Wood is a function of the
presented area of the impactfng fragment.

b. To observe the breakup charactecistics of 60-grain and 240-grain

bomb fragments in Nu-Wood.

c. To determine the extent of deflection of the fragments relative

to projected paths in air ,nd Nu-Wood.

1
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SECTION II

TEST SET-UP
The general test set-up for the firings is shown in Figure 1.Figure 2 shows the co-ordinates " "Y 1 X2 Y 2 , and X3 Y3 on the three- dim-ensional view of the Nu-Iood. The lower left hand corner C the Nu-Woodserves as the origin.
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Figure 2. X and Y Co-ordinates on the Nu-VWood



Si;CTION III

PRI-MARY OI:JECTIYL

Figures 3 and 4 show the striking v'elocity as a function of pene-
tration for 60-grain and 240-grain fragments. These striking velocities
were obtiained hy correcting the fragmen-c measured veoiyfor air drag.
The air drag correction times the measured velocity was 0.951.1 for 60-
grain f*ragmen~ts and 0.9601 for 240-grain fragments.' lh-se were otoi nod
f rom:

M'/ 3 -~p

V,=Striking voincit) (feet/sec).

= Average measured velocity between the screens. The fir!st
screen is at x,=O. tne second3 at xz10 feet (ft/sec).

S =Distance from the first screen to the target (11 feet for
60-grain fragments and 11.58 feet for 240-grain fragments).

= 0.0327 (constant for an air drag coefficicn, Cd 70."(),
and density of air, o=0.310) grains/in-'.)

'I=Mass of fragment in grains.

Valid data points and data points estimated from Powder charges are
plotted on Figure 3. T'he fragment weight range of 37 < 4.01 gram5
for 6O-grain fragments and 35.08 <_ 16.02 grams for 240-grain fragments is
not a function of depth into Nu-hood FiueL n lusrt h -'d
:;pread in depths of penetration.

A means of classification of the fragments into shape categories was
found from close examination of the fragomcnts an' solving fo r 1) in:

LWD=

LWP = Length Widt) Depth where 1:10D (in.).
w =Weight of fragment (lbs.)

i = 0.284 lhs as the general deasity of steel.

in -



The categories are:

L-F = Long flat
L-C = Long chunky
F Flat
F-C = Flat chunky

C = Chunky

,I = Long

,,e calculated D values can fit appropriate groups for D (Inches):

60-Grain

Long Flat Flat Flat Chunky Long Chunky Chunky Long
<0.450 0.450 O.550 0.650 0.750 >1.SO0

<0.550 <0.650 <0.750 <1.500
240-Grain

Long Flat Flat Flat Chunky Long Chunky Chunky Long
<0.800 0.800 C.850 1.100 1.250 >1.500

<0.850 <1.100 <1.250 <1.500

Tables I and I and Figures 3 and 4 show the classification of the frag-
ments. Figures S and 6 illustrate the majority of the fragments fired.
After firing, many fragments were lost from impacting the sabot catcher, the
printed circuit paper holders, or the Nu-Wood holders.

Figures 3 and 4 have regression plots of a penetration equation ob-
tained by firing steel cylinders into wallboard trade named Nu-Wood and
Flintkote. These cylinders had characteristic velocities from 305 ft/sec
to 12,788 ft/sec, masses from 0.25 grain to 241.50 grains, and 0' to 70'
obliquit' from the projectile path to the perpendicular to the Nu-Wood sur-
face. The finalized regression equation used for the plot is:

2

= 112821m O(X) 01 2/3)0.9078

Vs = Stt;kinY velocity of steel cylindrical fragments (ft/sec).
X = Depth of penetration measured perpendicular to the Nu-Wood surface

(in.)
K = 0.0088
M = Mass of fragment (grains)

2 This will be termed the Thor regression equation. The Thor regression

plot for cylinders does not fit closely to the distribution of 60-grain and
240-grain bomb fragment data points. This can be attributed to the shape
difference between pre-formed cylinders and actual bomb fragments. Also,
the Thor regression equation has too large a range in its variables of mass,
velocity, and obliquity.
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Figure S. illustration of the Majority of 69-Grain Bomb Fragments Before
Firing
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li bure ' (Continued)
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Figure 5. (Concluded)



Figure 11 lust rat ion Lui t I i Moieri tY of 240-Gr ain Bomb Fragments Before
Fi r in g
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Figure f, (Concluded)
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SECTION IV

SECONDARY OBJECTIVES

When a difference factor of two or greater exists in impact presented
nrea between two 60-grain fragments at the same velocity, then the pre-
sented area seems to be an independent variable in penetration. Table III
helps to support this cnclusion.

The presented area upon impact of 240-grain fragments does not seem
to be a significant variable in depth of penetratien. This conclusion
results from studying Table IV.

The 60-grain fragrient break-offs were generally located along the
fragment path. This is contrary to the 15-grain study where the break-

offs were at the final mother fragment position. The 240-grain fragments
had few breakoffs and not enough study was given about their origin.

For the same velocity and mass the penetration could be related
to a function of many variables:

P'enetration = F (Fragment shape, fragment surface, fragment tumbling
befo-e Lnd after impact, fragment impacting presented area, compression
of Nu-Wood, etc.)

An examination of bore sight, fragment entrance, and finalized
positicn in Nu-Wood co-ordinates reveals no appreciable air deflection
and Nu-Wood deflection of fragments. Air deflection could be attributed
to the sabot aiming the fragmie t after exit from the Mann barrel. Since
the Nu-Wood deflection is flight, no transformations are made on the
perpendicular to Nu-Wood surface penetration data. All the penetration
data in Figures 3 and 4 need not be corrected for the slight angulhr
deflections in Nu-Wood.

Some other interesting facts found from testing are:

a. The recovered fragments had Nu-Wood clinging tc them.

b. As the fragment goes deeper into The Nu-Wood it tentF, to make
a large and less clean or sharr hole. This could be attributed to Nu-
Wood building up on the fragme't as it penetrates.

c. The Lexan sabot vill be dented on its base from the fragment's
initial momentum impulse.

d. For better air flight stability a sabot fitting a fragment is
better than a sabot with a hole too large.

2
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TABLE III. PRESENTED AREAS OF IMPACTING 60-GRAIN BOMB FRAGNENTS

X(DEPTIi OF PENETRATION
PERPENDICULAR TO NU-

WOOD SURFACE TO ES-
I IMATED CENTER OF A(PRESENTED AREA

SHOT FRAGMENT GRAVITY OF Fk.IlNI OF FRAGFVFT) V (STRIKING VELOCITI!
v 0. NO. SHAPE CLASS fINCHILS) ( US ) (FTSLC)

91 39 Flat, Long Chunky 2,f0 .205o -10

93 39 Flat, Long Chunky 2.25 .11-s 157

4 1 Chunky 2.50 .1450 714

3 1 Chunky 2.127 848

1 1 Chunky 20 l ';OO 646
9' 39 Flat, Long Chi nk 3.23 .0225 625

92 39 Flat, Long Chunky 3.50 . 1675 1302
96 39 :ia, Long Chunky 4.0 .04'5 1248

24 8 Chunks 4.So .1700 1475

102 38 Chunks 5.50 .1013 131

105 35 Chunk V 6.00 .1825 1659

104 3- Chunky 6.00 .1250 1-34

.1 39 Flat, Long Chunks 6.00 .2075 2289

s7 19 Flat, Flat Chunky 7.SO .01o3 2237

36 Flat, Flat Chunky 9.0o .388 2671
82 33 Chunky 10.SO .1650 2647

65 3C Chunky 10.s .1150 265

62 29 Flat Chauky, Long Chunky 11.7S .11-3 2678

64 30 Chunks 13.25 .0800 2613

85 38 Chunky 9.50 .1413 2844

66 30 Chunky 11.2S .1300 2843

51 33 Chunky 13.00 .0863 2862

68 36 Fiat, Ilat ChunkY 17.25 .450 2882

7.3 36 Flat, Flat Chunky 9.25 .091 3039

83 38 Chunk" 14.00 .1300 3034

.9 34 lon1 14.00 .0713 3004
86 3 Chunky 10.00 .14a 3.7
84 38 Chunky 10.00 .1600 3111

61 19 Flat, Flat Chunky 10.sO .092s 3134
8? 38 Chunky 11.25 .1131 3119

88 38 Chunky 12.0 .1463 3133

-6 6 Flat, Flat Chunky 15.00 .118 3179
19 Flat, Flat Chunky 1100 .125O 3559

s8 l Flat, Flit Chunk, 11.50 .1100 3582
23 8 Chunky 11.62 .2019 4509

31 19 Flat, Flat Chunky 13.50 .1450 453-

33 19 Flat, Flat Citqk" 13.50 .183A 450z

S21 ' 8 Chunky 11.88 ,191 4688
2 8 Chunky 12.00 .2200 4708

26 8 Chunky 12.50 .0888 4815

48 14 Flat Chunky, 16.50 .1238 4790

8- 2 Flat Chunky 12.50 .2238 4920

16 11 Flat Chunky 13.12 .1125 4989

19 10 Flat Chunky 14.50 .0800 .1982
14 6 Flat Chunky 10.75 .1494 5041

34 19 Flat, Flat Chunky 11.z3 .2288 5023
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SECTION V

CONCLUSIONS

The fundamental conclusions are:

a. The existing Thor equation predictions for c;']inders do notfit actual 60-grain and 240-grain bomb fragment data.

b. Depth of penetration into Nu-Wood is not a reliable methodto predict velccities for 60-grain and 240-grair, bomb fragments.

c. The depth of penetration is not a primary function of impactpresented area for 60-grain and 240-grain bomb fragments. The 60-grainfragments seem more sensitive to impact presented area than th, 240 -grain
fragments.

24
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